Recent research indicates that the hypothalamic neuropeptide hormone oxytocin is a key central nervous system factor in the regulation of food intake and weight. However, the mechanisms underlying the anorexigenic effects of oxytocin in humans are unknown and critical to study to consider oxytocin as a neurohormonal weight loss treatment. We performed a randomized, double-blind, placebo-controlled crossover study with single-dose intranasal oxytocin (24 IU) in ten overweight or obese, otherwise healthy men. Following oxytocin/ placebo administration, participants completed an established functional magnetic resonance imaging food motivation paradigm. We hypothesized that oxytocin would reduce the blood oxygenation level-dependent (BOLD) signal to high-calorie food vs non-food visual stimuli in the ventral tegmental area (VTA), the origin of the mesolimbic dopaminergic reward system. Following oxytocin administration, compared to placebo, participants showed bilateral VTA hypoactivation to high-calorie food stimuli. A secondary exploratory whole-brain analysis revealed hypoactivation in additional hedonic (orbitofrontal cortex, insula, globus pallidus, putamen, hippocampus, and amygdala) and homeostatic (hypothalamus) food motivation and hyperactivation in cognitive control (anterior cingulate and frontopolar cortex) brain regions following oxytocin administration vs placebo. Oxytocin administration reduces the BOLD signal in reward-related food motivation brain regions, providing a potential neurobiological mechanism for the anorexigenic oxytocin effects in humans. Furthermore, our data indicate that oxytocin administration reduces activation in homeostatic and increases activation in cognitive control brain regions critically involved in regulating food intake and resolving affective conflict, respectively. Future studies are required to link these changes in brain activation to oxytocin effects on food intake and weight.
INTRODUCTION
Oxytocin is currently under investigation as a potential novel neurohormonal treatment for obesity . Obesity represents a major public health concern in need of more effective and tolerable treatments. In the United States, 69% of adults are overweight with 35% meeting the criteria for obesity, an epidemic that is associated with diabetes mellitus and increased mortality (Ogden et al, 2014) . Even though complications resulting from obesity may be reversible with weight reduction, meaningful weight loss is difficult to achieve and maintain with available medical treatments. In addition, current treatment options are associated with frequent complications (bariatric surgery; Gloy et al, 2013 ) and significant side effects (FDA-approved drugs; Yanovski and Yanovski, 2014) . The nonapeptide hormone oxytocin is primarily produced in the paraventricular and supraoptic nuclei of the hypothalamus and secreted throughout the brain and to the peripheral circulation via the posterior pituitary. Repeated oxytocin administration has been shown to induce significant weight loss in rodent, primate, and human obesity Zhang et al, 2013) . Importantly, short-term administration in humans has been associated with minimal side effects (Anagnostou et al, 2012; Zhang et al, 2013) . In animal models, the beneficial effects of oxytocin on weight are due to multiple processes, including increased energy expenditure and lipolysis and reduced food intake . For example, in fasting rats, central and peripheral oxytocin administration resulted in a dose-dependent reduction in caloric intake and an increased delay before eating (Arletti et al, 1989; Olson et al, 1991) . This effect was reversed by administering an oxytocin antagonist prior to oxytocin exposure, suggesting that this effect is mediated by oxytocin receptors (Arletti et al, 1989) .
Recent translational studies using intranasal oxytocin have demonstrated that oxytocin reduces caloric consumption, particularly of palatable foods, without affecting subjective appetite in men (Lawson et al, 2015; Ott et al, 2013; Thienel et al, 2016) . However, the mechanisms driving the effect of oxytocin on food intake in humans are unknown, and an understanding of these mechanisms is critical for the development of oxytocin-based therapies for obesity management.
Preclinical data indicate that oxytocin may reduce food intake in part by modulating activation of hedonic food motivation pathways. Although homeostatic modulation of food intake determining hunger and appetite is largely controlled by the hypothalamus, which receives and integrates peripheral anorexigenic and orexigenic signals, hedonic food motivation arises from a widespread network of brain regions known to be involved in reward processing. The ventral tegmental area (VTA), amygdala, insula, basal ganglia (eg, nucleus accumbens), hippocampus, and orbitofrontal cortex (OFC) are associated with hedonic regulation of human appetite, as shown by their selective functional magnetic resonance imaging (fMRI) activation to palatable food stimuli (Holsen et al, 2012; LaBar et al, 2001) . At the core of this mesolimbic dopaminergic reward system, the VTA is the origin of its dopaminergic cell bodies and features oxytocin receptors (Loup et al, 1991) . In addition, oxytocin neurons project from the paraventricular and supraoptic nuclei of the hypothalamus to the VTA (Sofroniew, 1983) . In preclinical studies, oxytocin availability in the VTA has been shown to alter dopamine levels in brain regions downstream from the VTA (eg, in the nucleus accumbens; Melis et al, 2007) , providing a potential biological link between oxytocin and motivational behavior including hedonic food intake. In rats, administration of oxytocin into the VTA and nucleus accumbens reduced sucrose intake, whereas these effects were attenuated when an oxytocin receptor blocker was given prior to oxytocin treatment (Herisson et al, 2016; Mullis et al, 2013) . In humans, obesity is characterized by fMRI hyperactivation of food motivation brain regions associated with hedonic aspects of appetite and food intake (De Silva et al, 2012; Dimitropoulos et al, 2012) .
Although human studies provide evidence that single-dose intranasal oxytocin administration alters the blood oxygenation level-dependent (BOLD) signal to social and emotional stimuli (Domes et al, 2007; Wigton et al, 2015) and monetary rewards (Mickey et al, 2016; Nawijn et al, 2016) , to our knowledge, the impact of oxytocin on the spontaneous BOLD signal in reward-related food motivation pathways in response to viewing palatable food images has not yet been examined. We therefore performed a randomized, doubleblind, placebo-controlled crossover pilot study of 24 IU intranasal oxytocin in overweight and obese, otherwise healthy men to investigate oxytocin effects on the BOLD signal in hedonic food motivation brain regions using a wellestablished visual food stimuli fMRI paradigm (Holsen et al, 2012) . We hypothesized that when participants view highcalorie foods compared to objects, the BOLD signal in the VTA as a key node for hedonic food motivation would be reduced following oxytocin administration compared to placebo. As the hedonic regulation of appetite emerges from a network of food motivation regions extending beyond the VTA and given that other non-reward functions (eg, homeostasis, cognitive control; Calvo et al, 2014) and their according brain regions (eg, hypothalamus for homeostasis and dorsolateral prefrontal cortex (DLPFC), anterior cingulate cortex (ACC), and frontopolar cortex for cognitive control; Niendam et al, 2012; Saper et al, 2002) are likely to be involved in determining food intake, we performed whole-brain fMRI and, as a secondary exploratory aim, examined the effects of oxytocin on the BOLD signal across the entire brain.
MATERIALS AND METHODS

Participants
Ten overweight or obese men, recruited from the community, took part in the study. Inclusion criteria were an age between 18 and 45 years, a body mass index (BMI) between 25 and 40 kg/m 2 , regular breakfast eating (X4 times per week), and stable weight over the past 3 months. Exclusion criteria were a psychiatric diagnosis, psychotropic medication, a history of eating disorder by Structured Clinical Interview for DSM Disorders-IV (SCID-IV), excessive exercise (running 425 miles or exercising 410 h in any 1 week) within the last 3 months, active substance abuse, smoking, a history of cardiovascular disease, diabetes mellitus, or gastrointestinal tract surgery, hematocrit below the normal range, untreated thyroid disease, and contraindication for MRI.
Procedures
This study was approved by the Partners HealthCare Institutional Review Board and conducted in accordance with the Declaration of Helsinki. Following the International Committee of Medical Journal Editors' registration requirement, this clinical trial was preregistered at clinicaltrials.gov (registration number: NCT02276677). All participants provided their written informed consent prior to participation.
Participants were admitted to the Massachusetts General Hospital Clinical Research Center for outpatient screening and two main study visits. At screening, medical history, physical examination (including height and weight measurements), and a blood draw were performed to confirm eligibility. Exercise pattern was assessed by medical history and Paffenbarger Physical Activity Scale (Paffenbarger et al, 1993) . In addition, behavior related to food intake was assessed with the Three-Factor Eating Questionnaire (TFEQ), a 51-item self-report questionnaire that provides scores for three factors determining eating behavior, ie, cognitive restraint of eating, disinhibition, and hunger (Stunkard and Messick, 1985) . The first main study visit was completed between 6 and 49 days after the screening visit. Screening visits were conducted between November 2014 and May 2015. Main study visits were completed between December 2014 and May 2015.
Main study visits took place in the morning between 6 and 24 days apart. Participants completed a food diary for the 72 h leading up to each main study visit. In addition, they were asked to fast for at least 10 h and avoid strenuous exercise and alcohol consumption in the 24 h prior to study visits. Each main study visit started with an update of the medical history and collection of the completed food diary. At visit 1, a copy of the food diary from the 72 h leading up to the visit was provided to the participant who was instructed to replicate the recorded eating pattern as closely as possible prior to presenting for visit 2. From the food diaries, a dietician analyzed the nutritional content of the food intake (total caloric intake as well as carbohydrate, fat, and protein content) in the 72 h prior to both main study visits for each participant using ProNutra (Viocare, Princeton, NJ, USA) to confirm similar conditions preceding oxytocin and placebo visits. In addition, self-reported duration of sleep during the night prior to each main study visit was documented. At 0730 hours, intranasal oxytocin (24 IU, Syntocinon, Novartis, Switzerland, provided by Victoria Pharmacy Zürich, Switzerland) or placebo (same inactive ingredients and packaging, Victoria Pharmacy) nasal spray (5 ml bottles with 40 IU/ml oxytocin or placebo and a 0.1 ml dosage pump) was self-administered with three sprays per nostril under the supervision of a nurse practitioner. For this randomized, double-blind, placebo-controlled crossover study, the research pharmacy randomized the participants 1:1 to one of two drug orders, ie, oxytocin-placebo or placebo-oxytocin. All study personnel and participants were blinded to the randomization. Sixty minutes after oxytocin or placebo administration, participants underwent fMRI. Immediately prior to as well as 30 and 90 min following oxytocin/placebo administration, appetite was assessed on the dimensions Hunger and Desire to Eat Favorite Food on visual analog scales of 10-cm length, anchored by 'not at all' on the left and 'extremely' on the right. At the same time points, current levels of anxiety were measured using the state scale of the State-Trait Anxiety Inventory (STAI; Spielberger et al, 1983) . For 20 statements (eg, 'I feel nervous.'), participants were asked to indicate how much the statement matched their current feelings on a four-point Likert-like scale ranging from 1 ('not at all') to 4 ('very much so').
Functional MRI Paradigm
Functional MRI scanning was performed during a wellestablished food motivation paradigm that has been reported in detail elsewhere (Holsen et al, 2012) . In short, participants viewed 100 high-calorie food stimuli (50 savory, 50 sweet items), 100 low-calorie food stimuli, 100 household objects, and 100 fixation stimuli in a block design. Each stimulus was presented once for 3 s using Presentation software (Neurobehavioral Systems, Albany, CA, USA). Participants were instructed to press a button when pictures changed to insure their attention to stimuli. A total of five 4-min runs with five images in each block and 16 blocks in each run were completed.
MRI Acquisition Parameters
MRI data were acquired using a Siemens 3T Trio scanner (Siemens, Erlangen, Germany) at the Athinoula A. Martinos Center for Biomedical Imaging. Head movements were restricted with foam cushions. Whole-brain functional imaging was performed using a gradient-echo EPI pulse sequence (33 contiguous oblique-axial slices, 4-mm thick, TR/TE = 2000/30 ms, flip angle = 90°, FOV = 200 × 200 mm, 120 total images per run).
Data Analysis
Comparisons of food intake, sleep duration, appetite, and anxiety between oxytocin and placebo visits were analyzed with Wilcoxon signed-rank tests using JMP Pro (version 13; SAS Institute, Cary, NC, USA).
Functional MRI data were processed using Statistical Parametric Mapping 8 (SPM8; Wellcome Department of Cognitive Neurology, London, UK; www.fil.ion.ucl.ac.uk/spm). Functional MRI images were slice-time corrected, realigned, spatially normalized, and registered to the Montreal Neurological Institute (MNI; www.bic.mni.mcgill.ca) T1 canonical template. Data were then resampled to 2 mm 3 voxels and smoothed with a 6-mm isotropic full width at half-maximum Gaussian function. All collected data showed minimal head motion (o3 mm linear movement in the orthogonal planes and o0.5°radians of angular movement). For each participant, condition effects were estimated at each voxel, and statistical parametric maps (con images) were produced for the high-calorie food and non-food object conditions for both the oxytocin and placebo conditions.
As the primary region of interest (ie, VTA) is very small, preprocessing of oxytocin and placebo conditions was done within the same pipeline to ensure proper alignment of individual scans. These individual con images were then entered into a second-level analysis using a linear flexible factorial model with the factors participant and condition (oxytocin high-calorie stimuli, oxytocin non-food objects, placebo high-calorie stimuli, and placebo non-food objects).
Oxytocin-related changes were tested using contrasts that reflected the difference in beta weights between oxytocin high-calorie food images minus oxytocin non-food objects vs placebo high-calorie food images minus placebo non-food objects. For the primary confirmatory analysis of oxytocin effects on VTA activation, we used max voxel coordinates from the left and right hemispheres of the group level statistical maps at the centers of 2.5 mm spheres and the beta values using Marsbar software. The location of the VTA was verified by a senior neuroanatomist (NM) guided by MRIvisible anatomical landmarks and brain atlases (Parent, 1996; Paxinos and Huang, 1995) .
Following the primary analysis, we conducted an exploratory whole-brain analysis (oxytocin high-calorie food images minus oxytocin non-food objects vs placebo high-calorie food images minus placebo non-food objects) with a group level statistical map threshold of po0.05 (uncorrected) with the additional requirement that at least four contiguous voxels exceeded this statistical level. Cohen's d is reported as effect size measure calculated from the mean t-statistic for each cluster.
RESULTS
Participant Characteristics
Participant characteristics at the screening visit are described in Table 1 . Participants were between 23 and 43 years old, and their BMI ranged from 25.3 to 33.7 kg/m 2 . They reported minimal to moderate cognitive restraint of eating, disinhibition, and hunger in their everyday life as indicated by the TFEQ (Table 1) . As intended per study design, food intake (ie, total caloric intake and macronutrient content) during the 72 h leading up to the visits did not differ between oxytocin and placebo visits (Table 2 ). There were also no differences in sleep duration leading up to the visits. Furthermore, no differences in appetite or anxiety levels were observed between oxytocin and placebo visits (Table 2) .
VTA Activation Following Oxytocin Administration vs Placebo
Following oxytocin administration, compared to placebo, participants showed hypoactivation in the left VTA (−6 − 13 − 14) in response to viewing high-calorie food stimuli compared with the objects, p = 0.004, d = 0.91. We observed a matching hypoactivation in the right VTA (6 − 19 − 17), p = 0.015, d = 0.73 (Figure 1 ).
Whole-Brain Analysis Following Oxytocin Administration vs Placebo
Whole-brain analysis contrasting high-calorie food stimuli with non-food objects showed that oxytocin reduced fMRI activation in additional reward-related food motivation brain regions, including the medial frontal gyrus (Broadmann areas (BAs) 8-11, 45, and 46), precentral gyrus (BA 6), sulcus callosomarginalis, posterior cingulate gyrus (BA 31), insula, globus pallidus, caudal putamen, thalamus, hippocampus, and amygdala (Table 3) . A particularly large hypoactivation following oxytocin administration vs placebo was observed in BAs 9/45 of the medial frontal gyrus, comprising a cluster of activation of 1551 voxels at the po0.05 (uncorrected) threshold. In addition, oxytocin (vs placebo) reduced activation in the hypothalamus, a brain area central to homeostatic control of feeding. In contrast, oxytocin increased fMRI activation in brain regions involved in cognitive control, ie, the superior frontal gyrus (BA 10) and ACC (BA 32; Table 3 ).
DISCUSSION
Although translational studies with intranasal oxytocin have recently demonstrated that oxytocin reduces food intake in men across the weight spectrum (Lawson et al, 2015; Ott et al, 2013; Thienel et al, 2016) , the mechanisms driving these anorexigenic effects of oxytocin in humans are unknown. We tested the impact of single-dose intranasal oxytocin (24 IU) on the BOLD signal in hedonic food motivation pathways while participants viewed high-calorie food vs non-food stimuli. We hypothesized that the BOLD signal in the VTA as the origin of the mesolimbic dopaminergic reward system would be reduced after oxytocin administration compared to placebo. Confirming our hypothesis, we found that following oxytocin administration, overweight and obese men showed bilateral hypoactivation in the VTA when viewing highcalorie food stimuli compared to objects. To our knowledge, this is the first report of reduced VTA activation to palatable food stimuli after oxytocin administration.
It is possible that the attenuating effect of oxytocin on the VTA BOLD signal to rewarding stimuli might be of a more general nature. Two studies have previously shown evidence for oxytocin effects on the VTA BOLD signal in foodunrelated contexts and populations different from the overweight and obese men investigated in this study. Gregory et al (2015) showed an increased VTA BOLD response to both crying infant and sexual stimuli in postpartum and nulliparous women after a single dose of 24 IU intranasal oxytocin (the same dose as used in this study, investigating VTA responses to arousing rather than reward stimuli). Mickey et al (2016) showed an altered time course of VTA activation to monetary reward stimuli following intranasal oxytocin administration compared to placebo in healthy men. These findings together with our result of VTA hypoactivation to high-calorie food stimuli Abbreviation: TFEQ, Three-Factor Eating Questionnaire. a n = 9. Oxytocin, food motivation, and cognitive control pathways F Plessow et al following oxytocin raise novel questions of oxytocin use in conditions characterized by altered reward sensitivity (eg, substance abuse). In the context of human obesity, presenting high-calorie food stimuli induces hyperactivation of hedonic food motivation pathways as compared to normal-weight controls (De Silva et al, 2012; Dimitropoulos et al, 2012) . A recent systematic review provides evidence that obese individuals show increased reward sensitivity not only to food but also to monetary rewards (Stojek and MacKillop, 2017) . This points toward a generally increased reward sensitivity in this population, and the attenuating effect of oxytocin on the VTA BOLD signal might thus represent a promising counteracting intervention. A secondary exploratory analysis assessing oxytocin effects on the BOLD signal across the entire brain complemented the finding of VTA hypoactivation in response to high-calorie stimuli following oxytocin administration with hypoactivation of other key brain areas involved in hedonic food motivation. In addition to the VTA, hedonic food motivation pathways comprise the OFC, insula, parts of the basal ganglia, hippocampus, and amygdala (Holsen et al, 2012; LaBar et al, 2001) . In response to oxytocin, we found hypoactivation in the medial frontal gyrus including the OFC (BA 11), insula, basal ganglia (globus pallidus, putamen), hippocampus, and amygdala, suggestive of widespread oxytocin effects on the hedonic food motivation neurocircuitry.
Furthermore, the whole-brain analysis revealed hypoactivation in the hypothalamus, the core brain region associated with homeostatic food motivation (Saper et al, 2002) , following oxytocin compared to placebo. This is consistent with preclinical data showing that the human ventromedial hypothalamus, representing a brain region that is linked to the control of food intake, is rich in oxytocin receptors (Boccia et al, 2013; Loup et al, 1991) . Moreover, a recent study in healthy, normal-weight individuals showed a reduction of hypothalamic activation to visual food stimuli following a single-dose administration of 24 IU intranasal oxytocin (van der Klaauw et al, 2017). Our study extends this finding by providing first evidence that intranasal oxytocin similarly impacts hypothalamus activation in overweight and obese men, where it could serve as a potential weight loss treatment. These data suggest that oxytocin effects on food motivation might not be limited to hedonic food motivation but also extend to homeostatic food regulation. Investigating the contribution of both food motivation pathways to the anorexigenic effects of oxytocin represents an interesting scope for future research.
Finally, we observed effects of oxytocin on regions involved in cognitive control, the processes that enable individuals to suppress behavioral impulses to achieve an internal goal (Miller and Cohen, 2001) . The ability to exert control over behavior emerges from a complex neural network centered around the DLPFC (BAs 9 and 46), ACC (BA 32), and frontopolar cortex (BA 10) with connections to other cortical and subcortical (eg, putamen, globus pallidus) brain regions (Niendam et al, 2012) . Our exploratory analysis revealed increased activation in the ACC (BA 32) and frontopolar cortex (BA 10)-brain regions that can be linked to cognitive control-following oxytocin administration compared to placebo, whereas no other hyperactivations Oxytocin, food motivation, and cognitive control pathways F Plessow et al were observed across the entire brain. Cognitive control is assumed to mediate food intake in overweight and obese individuals, as overweight and obese individuals show reduced cognitive control compared with the normal-weight individuals (Nederkoorn et al, 2006; Sellaro and Colzato, 2017) , and lower cognitive control has been associated with higher levels of uncontrolled eating and increased food intake in this population (eg, Calvo et al, 2014) . Oxytocin receptors are evident in key cognitive control regions (Skuse and Gallagher, 2009) , and oxytocin administration has been demonstrated to promote cortical control over subcortical brain structures by increasing connectivity between neocortical and limbic structures and decreasing limbic-midbrain communication (Domes et al, 2007; Riem et al, 2012) . Indeed, a recent study in healthy women showed a trend for an effect of oxytocin in reducing food craving when instructions of actively suppressing food cravings were given (Striepens et al, 2016) . This finding was accompanied by an increased BOLD signal in cognitive control brain areas following administration of 24 IU intranasal oxytocin compared to placebo. Our study shows evidence of an oxytocin-cognitive control link in overweight and obese individuals. Furthermore, our study fundamentally differs from Striepens et al (2016) by demonstrating that oxytocin increased activation in cognitive control brain regions even when no suppression of food cravings was required (as no actual food was present) or requested (eg, via instructions to suppress arising food cravings). We speculate that activation of cognitive control brain regions in our paradigm results from a priming (ie, automatic activation) of cognitive control by images of palatable foods. For overweight and obese individuals, palatable food stimuli have a high reward value, driving increased intake of those foods (De Silva et al, 2012; Dimitropoulos et al, 2012) . At the same time, (over-) consumption of high-calorie food contributes to maintaining and increasing overweight in those individuals. Thus, in this population, palatable foods represent stimuli with conflicting connotation (approach and avoidance) and action implications attached to them. To abstain from (over-)eating available palatable foods, the desire for consuming them may require counteraction with an increase in cognitive control. Repeated experience of this scenario might eventually result in a welllearned link between palatable foods as aversive signals and increased control demands. This would aid establishing an automatic activation of the cognitive control network in response to palatable food stimuli (Botvinick, 2007; Dreisbach and Fischer, 2012) , and oxytocin appears to amplify this automatic recruitment of the cognitive control neurocircuitry. This idea is also supported by the fact that the BOLD signal in the ACC (BA 32), an area that detects and signals the need for cognitive control (Mansouri et al, 2009) , is amplified following oxytocin administration vs placebo. More specifically, the area of hyperactivation within the (rostral) ACC following oxytocin administration vs placebo (−15 44 − 5) in this crossover study has been implicated in the detection and resolution of affective conflict (Whalen et al, 1998) . Future research is required to investigate the potential role of this hyperactivation in cognitive control brain regions in the observed hypoactivation in food motivation pathways following oxytocin administration compared to placebo. This is the first pilot study investigating the effects of oxytocin on the BOLD signal in response to high-calorie food images in overweight and obese men, and the small sample size represents a limitation of this investigation. Future studies are required to replicate our finding of bilateral VTA hypoactivation to palatable food vs non-food images following oxytocin administration with larger sample sizes. This study focused on men due to the fluctuations in levels of estrogen and progesterone, hormones that regulate oxytocin secretion and receptor distribution (Maldjian et al, 2003) , in women. However, it will be important to also study women in the future due to gender specificity of oxytocin effects (Gao et al, 2016) . The results of the secondary exploratory whole-brain analysis allow for generating clear hypotheses for future confirmatory studies of oxytocin effects on food motivation and cognitive control pathways in human obesity. Those investigations should also test whether the observed changes of the BOLD signal in food motivation and cognitive control brain regions are accompanied by meaningful behavioral changes. Some brain regions, such as the putamen and insula, have a role in both reward processing and cognitive control. Thus, future studies are needed to understand the functionality of the observed activity changes, for example, by analyzing fMRI during instructed engagement or disengagement of cognitive control and by using functional connectivity analysis approaches.
It can be summarized that key regions of cognitive control are hyperactivated following oxytocin compared to placebo in overweight and obese men, whereas regions of hedonic and homeostatic food motivation are more robustly hypoactivated. Alterations in hedonic food motivation and cognitive control are likely to both be critically involved in the anorexigenic effects of oxytocin, as it has been shown that cognitive control and food reward sensitivity combined (with food reward sensitivity measured with the Power of Food Scale and cognitive control assessed by the ability to choose larger, delayed over smaller, immediate rewards) represent the best predictor of palatable food intake across the weight spectrum (Appelhans et al, 2011; Ely et al, 2015) .
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